NEF

CUCURBITACIN-ADULTERATED DIET IS AVOIDED BY

CAPTIVE EUROPEAN STARLINGS
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Abstract:

Cucurbitacins are bitter-tasting glycosides present in many plants, especially those belonging to

the family Cucurbitaceae. Because cucurbitacins show promise as a new category of agricultural insecticides,
we designed an experiment to investigate whether birds would readily ingest treated food. Ground buffalo
gourd (Cucurbita foetidissima) containing high (=4 mg/g of gourd) levels of cucurbitacin was added to
otherwise palatable feed and presented to European starlings (Sturnus vulgaris) in 2-cup and 1-cup tests.
Reliable avoidance of treated feed was observed in both cases. It appears unlikely that buffalo gourd will be
ingested accidentally by birds, presumably because of high concentrations of cucurbitacin. Instead, these
materials might represent a new bird repellent and an agricultural insecticide with low hazard to nontarget

bird species.
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Cucurbitacins are triterpenoid glycosides that
occur chiefly in plants belonging to the Cucur-
bitaceae and Cruciferae families (Guha and Sen
1975, Robinson 1983). To date, 17 cucurbitacins
have been reported (Guha and Sen 1975), with
the highest concentrations of the chemical oc-
curring in roots and fruits (Rehm et al. 1957).
These triterpines are extremely bitter (David
and Vallance 1955), and human taste detection
thresholds are as low as 1 ppb (Metcalf et al.
1981).

The available evidence suggests that cucur-
bitacins protect plants against attack by herbiv-
orous insects (Metcalf 1985). Experiments have
shown that many such herbivores (e.g., the leaf
beetles Phyllotreta nemorum, P. undulata, P.
tetrastigma, Phaedon cochleariae, P. crucifer-

ae, and Cerotoma trifurcata) are repelled by
the presence of cucurbitacins in the diet (Neil-
son et al. 1977, Metcalf et al. 1980). These sub-
stances, however, are not universally repellent.
A variety of species, including economically im-
portant pests, such as the northern corn root-
worm (Diabrotica undecimpunctata), are able
to forage on Cucurbitaceae and respond to cu-
curbitacins in the diet as feeding stimulants
(Metcalf 1985).

Cucurbitacins also may act as a defense against
vertebrate herbivores (Metcalf 1985). However,
the flavor, per se, of these compounds may not
be strongly aversive. Severe accidental poison-
ings of livestock (Watt and Breyer-Brandwijk
1962) and humans (Ferguson et al. 1983) have
been reported. Possibly, cucurbitacins-induced
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gastrointestinal malaise serves as the basis for
learned avoidance.

Because cucurbitacins have been considered
for use as agricultural insecticides (Metcalf et
al. 1983, Shaw et al. 1984), we designed an ex-
periment to assess empirically the potential haz-
ard of these substances to nontarget vertebrates.
Ground buffalo gourd containing high levels of
cucurbitacins was added to an otherwise pal-
atable diet and then presented to European star-
lings in 1-cup and 2-cup tests.

MATERIALS AND METHODS

General. —Forty starlings were captured in
mist-nets set up in the vicinity of Sandusky, Ohio
and were transported to the Monell Chemical
Senses Center, Philadelphia, Pennsylvania. Upon
arrival, each bird was weighed, banded, and
individually caged (61 X 36 X 41 cm) in a room
with a 14:10 light : dark cycle and a constant
ambient temperature of 23 C. Water was freely
available, and before the experiments began,
birds were permitted free access to granulated
Purina Flight Bird Conditioner (Purina Mills
Inc., St. Louis, Mo.) and crushed oyster shell
grit, subsequently referred to as feed.

Stimuli.—Buffalo gourd is grown as a semi-
domesticated crop in the American Southwest
(Metcalf 1985), and it represents a convenient
source of cucurbitacins (Berry et al. 1978). Gourds
were dried and ground to a fine powder. The
concentration of cucurbitacin in the powder was
about 4.0 mg/g (Berry et al. 1978). Pure cu-
curbitacins were not used because there is no
commercial source (Metcalf 1985). This powder
(at 3 different concentrations, see below) was
suspended in propylene glycol (Aldrich Chem-
ical Co., St. Louis, Mo., CAS #57-55-6). The
suspension was added to granulated feed at a
rate of 1 mL of suspension per 100 g of feed.
These procedures were used in an attempt to
assure that the powder was evenly mixed with
feed and that it adhered to the food particles.
No attempt was made to assay cucurbitacin con-
centrations in prepared food samples.

Procedure.—After 2 weeks of adaptation to
laboratory conditions, the 40 birds were ran-
domly assigned to 2 cohorts (n = 20/cohort).
On each of the 5 pretreatment days that fol-
lowed, all food was removed from the cages
within 1 hour of the onset of light, and the birds
were given 2-hour access to 40 g of feed pre-
sented in 1 (cohort A) or 2 (cohort B) metal
feeding cups (40 g or 20 g of feed/cup, respec-
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tively) positioned in the front of the center of
each cage. At the end of each testing session,
consumption and spillage by each bird was re-
corded. Maintenance diet (feed) was then re-
turned to the cages, and the birds were left
undisturbed until the following day.

At the end of pretreatment period, a 5-day
treatment period began. The 20 birds in each
cohort were randomly assigned to 4 groups (n
= 5 birds/group). For l-cup tests, different
groups were presented with feed containing 0.0,
1.25, 2.5, or 5.0% (g/g) buffalo gourd. For 2-cup
tests, different groups were presented with 0.0,
1.25, 2.5, or 5.0% (g/g) gourd in feed in 1 cup
and plain feed in another. The cup containing
the gourd feed sample for each bird was ran-
domly determined, and the left-right position
of that sample was alternated daily. Treatment
sessions were 2 hours long, and at the end of
each session, consumption and spillage were re-
corded. During each session, the maintenance
diet was removed from the cages; at the end of
each session, this diet was returned. Birds were
reweighed at the end of the experiment and
subsequently were observed for 4 weeks before
their release,

Analyses.—Pretreatment and treatment data
in 2-cup tests were analyzed separately in
3-factor ANOVA’s with repeated measures over
days and cups. Subsequently, we calculated
preference ratios for the treatment period by
dividing consumption of treated feed by total
consumption on each treatment day. These ra-
tios were evaluated in a 2-factor ANOVA with
repeated measures over days. In all cases, Tukey
Honestly Significant Difference (HSD) post hoc
tests (Winer 1962:198) were used to isolate sig-
nificant differences among means subsequent to
the omnibus procedures (P < 0.05).

For 1l-cup tests, a 3-factor ANQOVA with re-
peated measures over periods (pretreatment vs.
treatment) and days was used to evaluate results.
Tukey HSD tests were used to isolate significant
differences among means (P < 0.05).

RESULTS

Two-Cup Tests.—There were no significant
differences in the analysis of pretreatment data.
Therefore, these results are not reported here.
Analysis of treatment consumption, however,
revealed significant differences in mean total
consumption among days (F = 3.2; 4,64 df; P
< 0.02) and between cups (F = 82.9; 1,16 df;
P < 0.00001). Also, there was a significant in-
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Fig. 1. Mean consumption (top panel) of gourd-treated and

untreated feed in 2-cup tests. Each of the 4 groups was pre-
sented with a different gourd concentration. Mean preference
ratios (bottom panel) were calculated for the treatment period
on the basis of 2-cup tests results. A ratio of 1.0 reflects ab-
solute preference for gourd-treated feed, a ratio of 0.0 absolute
rejection of gourd-treated feed, and a ratio of 0.5 indifference.
Capped vertical lines represent standard errors of the means.

teraction between concentrations and cups (F =
19.5; 3,16 df; P < 0.0001) (Fig. 1). There were
no other significant effects (P > 0.10).

Regarding the days main effect, post hoc tests
showed that mean consumption was signifi-
cantly higher on Day 3 (5.3 + 0.2 [ = SE] g)
than on Day 1 (3.8 = 0.6) or Day 4 (3.5 = 0.4).
Intermediate levels of consumption were re-
corded on Day 2 (4.7 + 0.6) and Day 5 (4.4 +
0.6). Regarding the cups main effect, mean con-
sumption of treated feed (2.5 = 0.2 g) was sig-
nificantly less than that of untreated feed (5.9
+02g)

Examination of the concentration by cup in-
teraction showed that all experimental groups
(1.25, 2.5, 5.0% g/g) ate significantly less treated
than untreated feed. Control group birds (0.0%)
ate equivalent amounts from both cups.

Analysis of preference ratios revealed signif-
icant differences among concentrations (F = 12.0;
3,16 df; P < 0.0004) (Fig. 1). There were no
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Fig.2. Mean consumption of gourd-treated feed (hatched bars,
treatment trials) and plain feed (open bars, pretreatment trials)
in 1-cup tests. Capped vertical lines represent standard errors
of the means.

other significant effects (P > 0.10). Post hoc
examination showed that the mean preference
ratio for the control group (0.525 + 0.059) was
significantly higher than mean preference ratios
for any gourd-treated feed group (1.25%: 0.181
+ 0.03; 2.5%: 0.178 = 0.034; 5.0%: 0.015 +
0.022). In addition, the mean preference ratio
for the group given 5.0% gourd was significantly
lower than that for any other group.

One-Cup Tests.—There were significant dif-
ferences among concentrations (F = 4.5; 3,16
df; P < 0.018), between periods (F = 46.8; 1,16
df; P < 0.00001), and among days (F = 5.5;
4,64 df; P < 0.001). Although the between pe-
riod difference appeared greatest for birds in
the 5.0% group (Fig. 2), no interaction terms
were significant (P > 0.20).

Post hoc examination of the concentration
main effect showed that birds presented with
5.0% gourd ate significantly less (6.6 = 0.22 g)
than birds presented with any other concentra-
tion (0.0%: 9.6 * 0.34 g; 1.25%: 8.8 + 0.30 g;
2.5%:7.9 =+ 0.18 g). In addition, birds presented
with 2.5% gourd ate significantly less than the
0.0% control group. Regarding the main effect
for periods, significantly less was consumed dur-
ing the treatment period (7.4 = 0.2) than during
the pretreatment period (9.1 £ 0.16).

Evaluation of the days main effect indicated
that consumption was significantly higher on
Day 2 and Day 3 (8.7 * 0.27 and 8.9 + 0.35,
respectively), than on Day 1 (7.3 + 0.31). In-
termediate levels of consumption were recorded
on Days 4 and 5 (8.1 £ 0.38 and 8.2 + 0.24,
respectively).

Changes in mass of birds during the course
of the experiment (76.4 = 1.1 g vs. 77.6 = 1.0
g) were not significant, and no mortalities were



J. Wildl. Manage. 54(4):1990

recorded either during the experiment or during
the 4-week observation period that followed.

DISCUSSION AND MANAGEMENT
IMPLICATIONS

The results of both 2-cup and 1-cup tests show
that buffalo gourd deters feeding by starlings.
Further, 1-cup data suggest that ingestion of
gourd, at least within the range of concentra-
tions tested, presents little risk to birds. Although
our data do not address the specific factors me-
diating repellency, we speculate that the astrin-
gent and/or bitter taste of cucurbitacins played
a dominant role in avoidance. Given that about
4 mg of cucurbitacins are present in 1 g of
buffalo gourd, our data suggest that starlings will
avoid cucurbitacins at concentrations as low as
50 ppm in otherwise palatable feed.

Cucurbitacins have potential as new, biolog-
ically safe insecticides (Metcalf et al. 1983). These
highly selective (Metcalf 1985) compounds can
be used as lethal agents, as attractants for re-
moval trapping or for disruption of mating, or
as stimulants to enhance the ingestion of other
insecticides. Our results suggest that cucurbi-
tacins could also represent a safe alternative to
some agricultural chemicals that present signif-
icant hazards to birds. At present, granular pes-
ticide formulations and seed treatments are a
major portion of the pesticide market as well as
a principal source of income for major chemical
companies (e.g., FMC 1988:5; Ciba-Geigy 1988:
8; DuPont 1989:4; American Cyanamid 1990:
29). A number of these materials are dangerous
to some bird species (Best et al. 1990). Although
particle size, texture, and the color of granular
formulations may influence the hazard of ag-
ricultural chemicals to birds, the results of our
2-cup tests suggest that, when alternatives are
available, even relatively low levels of cucur-
bitacins may inhibit ingestion of treated parti-
cles.

Several important issues remain to be ad-
dressed before field trials are attempted. First,
our assumption that cucurbitacins, and not some
other chemical, caused the birds to avoid food
containing buffalo gourd needs to be tested. It
also will be necessary to evaluate whether cu-
curbitacins are broadly repellent to many bird
species because there might be species differ-
ences in avian responsiveness to bitter and/or
astringent substances (Espaillat and Mason 1990).
Starlings were used in our experiment because
of their relatively acute taste capabilities, but
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species such as red-winged blackbirds (Agelaius
phoeniceus) are less sensitive to chemical stimuli
(Espaillat and Mason 1990) and may be less
responsive to cucurbitacins. Finally, the cucur-
bitacins concentrations we used were high rel-
ative to the quantities that effectively deter or
enhance insect feeding (Metcalf 1985). Because
our results indicate that even the lowest gourd
concentration (1.25% g/g) was repellent to star-
lings and because 1 ppb cucurbitacins can be
detected by humans, we speculate that concen-
trations below those we report could possess sig-
nificant repellency.
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